[phase IIb]). The length of intervention phase II was scheduled to equal the time during which improvements in the serum lipid profile were noted following lifestyle changes in intervention phase I.
A total of 49 dyslipidemic Caucasian HD patients were enrolled into the study (Supplementary material online, Table S1 ). Dyslipidemic HD patients did not differ in the prevalence of diabetes, myocardial infarction, and cigarette smoking from HD patients without dyslipidemia.
18 Dyslipidemic diabetic patients without coronary artery disease (CAD) did not differ from dyslipidemic nondiabetic subjects with CAD in serum lipid concentrations (higher total cholesterol [TC] was shown in diabetics compared with CAD patients in nondialyzed subjects). 19 All patients were dialyzed using low-flux polysulfone-based membranes, and low-molecular-weight heparin was used as an anticoagulant.
All patients were clinically stable when they simultaneously started lifestyle changes in a single dialysis center. Lifestyle changes were introduced in accordance with the KDOQI guidelines. 2 In brief, the planned diet contained approximately 2000 total calories per day: 7% of the calories as saturated fat; up to 10% of the calories as polyunsaturated fat; up to 20% of the calories as monounsaturated fat; 25% to 35% of the total calories as total fat; 50% to 60% of the total calories as complex carbohydrates; 20 to 30 g of fiber per day; and less than 200 mg of cholesterol per day. Patients consumed only natural food; dietary supplements were prohibited. Individually planned physical activity included 10,000 steps per day or 20-to 30-minute period of activity 3 to 4 times a week, or both interchangeably. Patients were interviewed at least 2 times a week by a nurse educated in nutrition and a nephrologist regarding adherence to the prescribed diet and physical activity. Pedometer measurements were taken. At every interview, patients were motivated to maintain lifestyle changes.
Regular patient evaluation was performed at baseline and 4, 14, and 21 weeks after the implementation of lifestyle changes. This phase was completed in 42 patients (64.8 ±10.9 y; 18 women; dialysis vintage, 3.18, 0.67-10.9 y) and included, at completion, 35 individuals who continued to be dyslipidemic. These 35 patients were allocated to intervention phase IIa, which was started in 34 patients. Evening treatment with atorvastatin (Atoris, Krka, Poland) was started at a dose of 10 mg/d. After 4 weeks, the initial atorvastatin dose was increased to 20 mg/d in dyslipidemic patients and continued for the next 10 weeks. Thirty-two patients (65.8 ±10.3 years; 15 women; dialysis vintage, 3.19, 1.02-11.2 y) completed the 14-week intervention phase IIa. Seven patients started (62.4 ±12.7 y; 3 women; dialysis vintage, 4.14, 1.42-8.2 y) and completed the 14-week intervention phase IIb. The scheduled patient evaluations were performed at 0, 4, and 14 weeks after the implementation of intervention phase II. The flowchart of the study in of HDL. 9,10 oxLDL is a stimulant of CD36 expression, and CD36 binds and internalizes ox-LDL. 11, 12 The presence of oxLDL has been demonstrated in atherosclerotic lesions of humans and animals.
13 High CD36 expression on macrophages, indicating intensive uptake of oxLDL, has been attributed to foam cell formation and atherosclerosis. 14,15 Anti-oxLDL against malondialdehyde (MDA)-modified LDL has been shown to block the uptake of oxLDL by macrophages 16 and to reduce the progression of atherosclerosis. 17 In this prospective study of dyslipidemic HD patients, we aimed to show to what extent lifestyle changes followed by treatment with atorvastatin are effective in the treatment of dyslipidemia and affect laboratory markers related to lipid and carbohydrate metabolism.
PATIENTs ANd METHOds subjects The study design was approved by the Institutional Review Board of the Poznań University of Medical Sciences, Poland, and is available at ClinicalTrials.gov (ClinicalTrials.gov NCT01 448 174). Written informed consent to participate in the study was obtained from all patients.
The inclusion criteria for HD patients were as follows: age ≥18 years, HD vintage ≥3 months, and presence of dyslipidemia diagnosed according to the recommendations of the National Kidney Foundation / Kidney Disease Outcomes Quality Initiative (KDOQI) clinical practice guidelines. 2 Patients were excluded if they were treated with statins, fibrates, or other medications that could affect lipid metabolism during the 6 months prior to the study; if they had active thyroid gland disease and/or used thyreotropic medications; if they were treated with corticosteroids, immunosuppressants, or hormones; if they were diagnosed with genetic lipid abnormalities, neoplastic disease, acute coronary syndrome, and/or cerebral stroke during the 6 months prior to the study; if they had surgery during the 3 months prior to the study; if they had plasma activities of alanine transaminase and/or aspartate transaminase exceeding 3 times the upper laboratory normal limit; if they had hemoglobin A 1c (HbA 1c ) levels exceeding 7.5%; and were treated with long-acting insulin (in diabetic patients). Another exclusion criterion was poor adherence to medical prescriptions in routine clinical management.
design of the study and follow-up The study had a prospective design and consisted of an educational phase (4 weeks of intensive teaching in lifestyle changes), intervention phase I (lifestyle changes: lipid-lowering diet and physical activity, conducted as long as continuous improvement in the serum lipid profile was noted in the entire group), and intervention phase II (treatment with lifestyle changes and atorvastatin in patients who remained dyslipidemic despite lifestyle changes [phase IIa], or continuation of lifestyle changes without atorvastatin in patients who became nondyslipidemic on introduction of lifestyle changes control antibodies were taken as indicators of autofluorescence, nonspecific antibody binding, or instrument noise.
MDA-oxLDL (MDA-modified apolipoprotein B) and IgG anti-oxLDL were determined in duplicate using enzyme immunoassays (Biomedica, Wien, Austria).
The patient control values for salusin α, monocyte CD36 expression, MDA-oxLDL, and IgG anti-oxLDL were obtained in 43 individuals with normal renal function, matched for sex and age with HD patients. Controls declared that they were healthy and had never taken lipid-lowering medication (Supplementary material online, Table S1 ).
Other parameters were determined using routine laboratory methods. statistical analysis The results were shown as mean ± standard deviation or median and range.
The effects of the prospective study were analyzed using the parameters of patients who finished intervention phases I and IIa. The Friedman test was used if 3 to 4 sets of the results were compared for each phase of the prospective study. If the analysis indicated significance, the post hoc procedure was used. If 2 sets of the prospective results were analyzed, the Wilcoxon test or the paired t test was used.
The Multivariate Adaptive Regression Splines (MARSplines) model with generalized cross validation was used to show the parameters that could be useful in the prediction of each intervention's efficacy in patients who were lost during the study.
The Spearman correlation was performed between selected sets of results. The receiving operating characteristic (ROC) curve methodology was applied to find the predictive values of salusin α in regard to serum lipid parameters. Odds ratios (ORs) with 95% confidence intervals (95% CIs) were calculated using the Fisher exact probability test. A P value of less than 0.05 was considered statistically significant.
REsuLTs Changes during the prospective study
The best serum lipid profile (the lowest LDL cholesterol concomitantly with a significantly higher HDL cholesterol) was shown after 14 weeks of introducing lifestyle changes ( The best serum lipid profile after addition of atorvastatin (the lowest TC, LDL cholesterol, HD patients is shown in Supplementary material online ( Figure S1 ).
Clinical and laboratory examinations Patients fasting overnight entered the dialysis center close to the start of their mid-week dialysis session. Anthropometric measurements were taken. Blood samples for laboratory analyses were obtained from the arteriovenous fistula just prior to the start of the dialysis session. HD sessions were conducted according to the schedule individually prescribed for each patient.
Blood laboratory analyses included the measurement of salusin α, CD36 monocyte count and expression, TC, HDL cholesterol, TG, MDA-oxLDL, immunoglobulin G (IgG) autoantibodies against oxLDL (IgG anti-oxLDL), insulin, fructosamine, and standard laboratory parameters. The LDL cholesterol concentration was calculated using the Friedewald formula: LDL cholesterol = TC -HDL cholesterol -TG/5. 20 Non-HDL cholesterol was the TC minus HDL cholesterol. Homeostasis model assessment-insulin resistance (HOMA-IR) was determined as fasting plasma insulin (μIU/ml) × fasting plasma glucose (mmol/l) / 22.5.
21
Laboratory methods Salusin α (Human) RIA Kit (Phoenix Pharmaceuticals, Burlingame, United States) was used for salusin α measurement. The antiserum used for this assay was raised against a synthetic form of the peptide. A centrifugal concentrator (Eppendorf Concentrator 5301, Eppendorf AG, Hamburg, Germany) was used as recommended by the RIA Kit manufacturer. All measurements were done in duplicate. Within-assay coefficient of variation (CV) was automatically calculated for each duplicate. In 6 consecutive study evaluations, %CVs (median and range) were 5.4 (0.1-13.5), 7.6 (0-13.3), 6.8 (0.9-13.6), 6.1 (0.2-12.4), 8.6 (0.2-14.6), and 5.5 (0.3-14.0). The interassay CV for these 6 evaluations was 8.6%.
Antibodies for quantification of CD36 expression on monocytes were purchased from BD Pharmingen, Oxford, United Kingdom. Fluorescein isothiocyanate (FITC) conjugated CD45 antibody and phycoerythrin (PE) conjugated CD14 antibody were used to identify monocytes and the anti-CD36 antibody was conjugated to allophycocyanin (APC Data are presented as median and range. The Friedman test was used with post hoc tests as appropriate. Conversion factors to SI units are as follows: insulin in mIU/ml to pmol/l, 6.945; serum cholesterol in mg/dl to mmol/l, 0.02586; triglycerides in mg/dl to mmol/l, 0.01129. Abbreviations: anti-oxLDL -autoantibodies to oxidized low-density lipoproteins, HDL -high-density lipoprotein, HOMA-IR -homeostasis model assessment-insulin resistance, IgG -immunoglobulin G, LDL -low-density lipoprotein, MDA-OxLDL -malondialdehyde oxidized low-density lipoprotein, MFI -mean fluorescence intensity, NA -not available non-HDL cholesterol and TG; both interventions were shown to reduce LDL cholesterol levels and to increase monocyte CD36 expression and IgG anti-oxLDL. The opposite effects of both interventions were shown on salusin α and frucosamine. The differences between the effects of lifestyle changes or atorvastatin on HOMA-IR were not significant (TAbLEs 1 and 2). selected significant correlations At the beginning of the study, there was a correlation between salusin α and LDL cholesterol (r = -0.342, P = 0.02, n = 49). The ROC curve methodology indicated that a salusin α level of 14.4 pmol/l (Supplementary material online, Figure S26 ) is a cut-off value in the prognosis of serum LDL cholesterol concentration below or over the lower limit of LDL cholesterol values designated as highly borderline (130-159 mg/dl). Dyslipidemic HD patients with salusin α levels of 14.4 pmol/l and higher compared with patients with lower salusin α levels had over 5-fold higher chance of having LDL cholesterol levels of less than 130 mg/dl (OR, 5.14; 95% CI, 1.52-17.4; n = 49; P = 0.01). There was no significant correlation between salusin α and HDL cholesterol levels in all 49 HD patients. However, when HD patients were divided into subgroups with an HDL cholesterol cut-off value of 40 mg/dl, both subgroups had similar plasma concentrations of salusin α (14.3 ±2.7 pmol/l for HDL cholesterol <40 mg/dl, 14.3 ±2.5 pmol/l for HDL cholesterol ≥40 mg/dl), and a correlation between salusin α and HDL cholesterol was present in the subgroup with HDL cholesterol concentration of 40 mg/dl or higher (r = 0.628; P = 0.005; n = 18). The subgroup with HDL cholesterol below 40 mg/dl included 11 CAD patients (73.3% of the subgroup).
and TG) was observed at the end of the study (TAbLE 2) . This improvement in the serum lipid profile was accompanied by an increase in both plasma salusin α and CD36 expression and a decrease in fructosamine ( differences in the effects of lifestyle changes and atorvastatin Medication with atorvastatin was more effective than lifestyle changes in the resolution of dyslipidemia (59.4% vs. 16.7%, P = 0.0001, χ 2 test). Taking the MARSplines models for the prediction of responsiveness to both interventions in patients who were lost or did not need medication with atorvastatin, the difference was still more pronounced (61.2% vs. 14.3%, P <0.0001, χ 2 test). Only lifestyle changes were significantly effective in increasing the concentration of HDL cholesterol, but they also increased MDA-oxLDL; only atorvastatin was effective in decreasing Protein glycation and lipid oxidation are overlapping processes 28 ; therefore, a simultaneous increase of plasma MDA-oxLDL concentration was not a surprise. MDA is a natural product of polyunsaturated fatty acid peroxidation. 29, 30 Polyunsaturated fat contributes up to 10% of the entire calorie intake. Moreover, the total antioxidant status decreases in HD patients on a lipid-lowering diet. 31 Consumption of prooxidants and a decrease in antioxidant capacity may be a plausible explanation for increased MDA-oxLDL.
A decrease in plasma salusin α and an increase of both monocyte CD36 expression and plasma IgG anti-oxLDL levels may represent the counteractive mechanisms occurring during intervention phase I in response to blood changes in the above metabolic parameters.
Nagashima et al. 5 demonstrated that intravenous infusion of salusin α increased serum HDL cholesterol and decreased serum TC levels without affecting the CD36 expression in exudate peritoneal macrophages of apolipoprotein E-deficient mice. In our study, negative correlations/associations between salusin α and lower LDL cholesterol indicate that dyslipidemic HD patients not treated for lipid abnormalities (start of the study) benefit from lower LDL cholesterol levels if they have higher plasma salusin α levels. A positive correlation between salusin α and HDL cholesterol was shown only in dyslipidemic HD patients with HDL cholesterol of 40 mg/dl or higher. It is possible that the group less affected by lipid disturbances (HDL cholesterol, ≥40 mg/dl) was sensitive to salusin α and responded to higher plasma salusin α with higher HDL cholesterol levels. In the second group (HDL cholesterol, <40 mg/dl), salusin α was ineffectively upregulated and patients (73.3% had CAD) continued to have lower HDL cholesterol levels despite similar salusin α levels to those in the group of responders. A lifestyle-induced improvement in the serum lipid profile was expected to be associated with an increase in plasma salusin α level. In fact, the reverse reaction was shown. An increase in lipid oxidation and protein glycation could contribute to the suppression of salusin α secretion, and improvement in HDL and LDL cholesterol levels was a result of lifestyle changes without the involvement of salusin α. On the other hand, if a feedback between serum lipids and salusin α was at least partially maintained in dyslipidemic HD patients, an improvement of the serum lipid profile (decreased LDL cholesterol, increased HDL cholesterol) induced by lifestyle changes could diminish a need for lipid regulatory activity exerted by endogenous bioactive salusin α to keep more favorable serum levels of both cholesterols, and, therefore, its plasma concentration decreased. Further studies are needed to elucidate this problem.
High plasma concentrations of oxLDL have been reported to stimulate CD36 expression.
11 In our study, in dyslipidemic HD patients with high MDA-oxLDL levels, a positive association between At 4 weeks, a correlation between plasma salusin α level and CD36 expression was shown in the entire group of HD patients (r = 0.392; P = 0.007; n = 47) and in non-CAD patients (r = 0.448; P = 0.009; n = 33). In CAD patients, a correlation with CD36 expression did not reach significance (r = 0.389; P = 0.2; n = 14), but a correlation was shown between plasma salusin α and CD36 cell count (r = 0.717; P = 0.006; n = 14). MDA-oxLDL level of 1.5 mg/dl and higher was associated with CD36 MFI >2000 (OR, 12.08; 95% CI, 1.27-114.6; P = 0.018). CD36 expression correlated with IgG anti-oxLDL (r = 0.336; P = 0.02; n = 47).
At the end of intervention phase I (n = 42), correlations were shown between monocyte CD36 expression and TC (r = -0.359; P = 0.02), LDL cholesterol (r = -0.354; P = 0.022), and non-HDL cholesterol (r = -0.345; P = 0.03). CD36 expression over the median value of 1030 was associated with TC of less than 200 mg/dl and non-HDL cholesterol of less than 160 mg/dl (for both: OR, 10.63; 95% CI, 2.51-44.99; P = 0.002).
At the end of intervention phase IIa, the lowest TC concentrations were observed in patients who had the highest monocyte CD36 expression (r = -0.389; P = 0.027; n = 32). A borderline correlation was shown for CD36 expression and non-HDL cholesterol (r = -0.328; P = 0.067; n = 32).
dIsCussION Lifestyle changes were recommended as the first step in treating dyslipidemia in HD patients, 2 and they were also advised in dialysis patients with hypertriglyceridemia in the newest KDIGO guidelines.
22 However, our study shows that lifestyle modifications have a selective and short-term efficacy in resolution of dyslipidemia in HD patients. Generally, completion rates on diets are not high. 23, 24 In our dyslipidemic HD patients undergoing lifestyle changes, a significant decrease in LDL cholesterol and an increase in HDL cholesterol levels were shown, TG remained elevated, and only about 17% of the patients became nondyslipidemic. Of note, current evidence indicates that the benefit of therapy aimed at increasing HDL cholesterol may be "more than questionable" in CKD patients.
25 Moreover, an increase in protein glycation and lipid oxidation was detected in the effective period of the intervention, independently of the diabetic status. Higher levels of fructosamine, a marker of glycemic control alternative to HbA 1c in dialysis patients, 26 reflected enhanced protein glycation on the lipid-lowering diet that included complex carbohydrates of 50% to 60% of the total calories, 2 although increases in fasting glucose levels were not observed. Therefore, this effect cannot be shown if glucose is the only parameter applied as an indication of carbohydrate metabolism control. HOMA-IR was not affected by lipid-lowering diet. The study by Ostrowska et al. 27 showed no significant evidence for a direct link between nutrition, atherogenic index, and insulin resistance.
CD36 as a promoter of atherosclerosis has been questioned. [42] [43] [44] Our study seems to provide further evidence that the CD36 scavenger receptor may be involved in the inhibition of the growth of atherosclerotic lesions. At the end of both intervention phases I and IIa, the lowest levels of cholesterols (TC, LDL cholesterol, or non-LDL cholesterol) were observed in HD patients with the highest monocyte CD36 expression. Moreover, CD36 expression positively correlated with the plasma level of salusin α, which is considered as an inhibitor of atherosclerosis, 5,6,45-48 and with IgG anti-oxLDL, which reduce the progression of atherosclerosis. 17 In this study, we demonstrated for the first time the effect of lifestyle changes and atorvastatin treatment on salusin α and monocyte CD36 expression in HD patients. We consider a relatively small number of dyslipidemic patients included into the study as the main limitation of our study because the analyses in smaller subgroups, although interesting (an example responders vs. nonresponders to both interventions in terms of dyslipidemia resolution), are questionable from the statistical point of view owing to insufficient sample power. oxLDL and CD36 was revealed. Therefore, an increase in MDA-oxLDL induced by lifestyle changes could provoke, in response, a development of IgG anti-oxLDL as well as increased scavenger receptor CD36 expression.
In HD patients that remained dyslipidemic despite lifestyle changes, serum lipid profile was improved by atorvastatin treatment. Nearly 60% of the patients became nondyslipidemic on relatively low atorvastatin doses (10-20 mg/d). Treatment with atorvastatin was not associated with an increase in fructosamine, which was observed after implementation of lifestyle changes. The importance of baseline fructosamine concentrations on simvastatin-induced changes in serum lipids was shown by Miserez et al. 32 Reports on the effect of atorvastatin on oxidative stress are controversial. [33] [34] [35] [36] In our study, changes in plasma MDA-oxLDL levels remained nonsignificant. Therefore, enhancement of both protein glycation and lipid oxidation, which were possible inhibitors of salusin α secretion during lifestyle changes, was not observed during treatment with atorvastatin, and increased salusin α levels could contribute to the beneficial effect of atorvastatin on the serum lipid profile, as was demonstrated with intravenous administration of salusin α in mice. 5 An increase in salusin α during treatment with atorvastatin may be explained by a specific atorvastatin effect on the secretion of salusin α. Further studies in this field could be helpful.
An increase in monocyte CD36 expression during treatment with atorvastatin is also an interesting finding. It occurred without an increase in MDA-oxLDL levels. In 2002, Fuhrman et al.
37 demonstrated in hypercholesterolemic patients with normal renal function that atorvastatin-induced decrease in both TC and LDL cholesterol was accompanied by an increase in CD36 expression on freshly seeded monocytes. This finding was commented as interesting, but not further analyzed. Our study indicates that treatment with atorvastatin increases circulating monocyte CD36 expression, which explains why CD36 expression may be increased on freshly seeded monocytes.
The serum lipid profile and insulin resistance seen in the examined dyslipidemic HD patients resemble abnormalities characteristic for CD36 deficiency (increased TG and insulin resistance, decreased HDL cholesterol).
38 In fact, monocyte CD36 expression was lower in our HD patients than in controls. The cause of downregulation of CD36 expression may arise from the uremic state and HD treatment: the decreased level of interleukin (IL)-4 39 and persistent endotoxemia. 40 IL-4 is a stimulator of CD36 expression, 11,39 whereas lipopolysaccharide decreases CD36 expression. 41 Deficiency of receptor CD36 is involved in decreased transport of long-chain fatty acids, 8 resulting in serum lipid abnormalities (HDL cholesterol, decrease; TG, increase), insulin resistance, metabolic syndrome, and, finally, severe atherosclerotic disease. 42 Recently, the role of AUC -area under the curve CI -confidence interval SE -standard error
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